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(57) ABSTRACT 

This invention relates to computational methodologies for 
improving the selection, testing, quality control, and manu 
facture of herbal compositions, and to help guide the devel 
opment of neW herbal compositions and identify novel uses 
of existing herbal compositions. More speci?cally, this 
invention relates to a process of encoding tWo or more 
biological and/or chemical data into a matrix ?ngerprint, and 
the statistical/probabilistic manipulation of such matrix ?n 
gerprints for the testing and improvement of herbal compo 
sitions. 
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MATRIX METHODS FOR QUANTITATIVELY 
ANALYZING AND ASSESSING THE PROPERTIES 

OF BOTANICAL SAMPLES 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application Ser. No. 60/330,628, ?led on Oct. 26, 
2001, Which is herein incorporated in it entirety. This 
application is related to US. Provisional Application Ser. 
Nos. 60/105,435 and 60/188,021, PCT Application Nos. 
PCT/US99/24851 and PCT/US01/07608, and US. applica 
tion Ser. No. 09/830,033. These applications are herein 
incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to computational methodolo 
gies for improving the selection, testing, quality control, and 
manufacture of herbal compositions. More speci?cally, this 
invention relates to a process of encoding tWo or more 
biological and/or chemical data points into a matrix ?nger 
print coding for a pattern of inter-relationships betWeen the 
data points, and the statistical/probabilistic manipulation of 
such matrix ?ngerprints for the assessment, testing and 
improvement of herbal compositions. This invention also 
alloWs for the computation of a histogram of values for each 
data point or a single average value or a range of determin 
istic values that can be used to quantitatively assess simi 
larities and differences between botanical samples. This 
value or set of values may then be used to assess reproduc 
ibility, de?ne component composition, assess component 
modi?cations and enhance component optimiZation of phar 
maceutically active botanicals or herbal medicines. These 
methods can be applied to either a multicomponent mixture 
such as those inherent in botanicals or herbal medicines or 
for multifactorial responses resulting from the testing or 
treatment With a single compound or a multicomponent 
mixture. 

BACKGROUND OF THE INVENTION 

[0003] All publications and patent applications cited 
herein are incorporated by reference to the same extent as if 
each individual publication or patent application Was spe 
ci?cally and individually indicated to be incorporated by 
reference. 

[0004] Herbal medicine has been in use for centuries by 
the indigenous peoples of the Americas, Asia, Africa and 
Europe. In the United States (US), herbs have become 
commercially valuable in the dietary supplement industry as 
Well as in holistic medicine. Approximately one third of the 
US population has tried some form of alternative medicine 
at least once (Eisenberg et al., 1993, N. Engl. J. Med. 
328:246-252). 
[0005] Botanicals, including herbs, have also become a 
focal point for the identi?cation of neW active agents to treat 
diseases. Active compounds, derived from plant extracts, are 
of continuing interest to the pharmaceutical industry. For 
example, taxol is an antineoplastic drug obtained from the 
bark of the Western yeW tree. It is estimated that approxi 
mately 30-35 percent of the thousands of drugs commonly 
used and prescribed today are either derived from a plant 
source or contain chemical imitations of a plant compound. 
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[0006] Currently, a number of medicinal formulations, 
food supplements, dietary supplements and the like contain 
herbal components or extracts from herbs. Herbal medicines 
have been used for treating various diseases of humans and 
animals in many different countries for a very long period of 
time (see, e.g., I. A. Ross, 1999, Medicinal Plants of the 
World, Chemical Constituents, Traditional and Modern 
Medicinal Uses, Humana Press; D. Molony, 1998, The 
American Association of Oriental Medicine ’s Complete 
Guide to Chinese Herbal Medicine, Berkley Books; Kessler 
et al., 1996, The Doctor’s Complete Guide to Healing 
Medicines, Berkley Health/Reference Books; Mindell, 
supra). 
[0007] The study of botanical extracts, hoWever, provides 
unique challenges to perform both qualitative and, more 
importantly, quantitative analyses and comparisons. Some 
of the challenges include variability in the multicomponent 
mixtures of phytochemicals inherent in agricultural tech 
niques, differences in manufacturing protocols, aging and 
shelf-life of the botanical drug and little reliable information 
regarding the pharmacologically active set of molecules. 
There is currently inadequate or poor quantitative methods 
to monitor and measure chemical and/or biological equiva 
lence of botanical medicine compositions. 

[0008] United States Regulatory Process. Currently, 
botanicals are treated as food or neutraceutical products. In 
the US, dietary supplements (such as botanical extracts and 
products, vitamins and minerals, amino acids and tissue 
extracts) are regulated under the Dietary Supplement Health 
and Education Act of 1994 (the DSHE Act). This Act 
removed the ingredients of dietary supplements from regu 
lation as food additives under the Federal Food, Drug, and 
Cosmetic Act. In addition, the DSHE Act requires that The 
Food and Drug Administration (FDA) bear the burden of 
proof that a marketed dietary supplement presents a serious 
or unreasonable risk under the conditions of use on the label 
or as commonly consumed. Thus, there are currently no 
federal regulations that establish speci?c criteria for purity, 
identi?cation and manufacturing procedures for dietary 
supplements. In addition, feW published papers on herbal 
quality have resulted from the establishment of the Of?ce of 
Alternative Medicine by Congress in 1992 (Angell et al., 
1998, N. Engl. J. Med. 339:839-841). 

[0009] At the present time, the FDA must approve each 
one of the chemical entities in a drug composition or 
cocktail, and then clinical trials must be undertaken so as to 
obtain separate FDA approval for marketing the drug. This 
process is extremely tedious and costly. A molecular holistic 
medicine may require a less arduous evaluation since the 
previous use of a particular herbal composition as a botani 
cal drug permits clinical trials With multiple chemicals at the 
outset (i.e., clinical trials using the herbal composition or 
speci?c components of the herbal composition). Recently, 
the FDA has approved the testing of herbal medicines in 
clinical trials as botanical drugs (FDA Guidance on Botani 
cal Drugs, August 2000). While these events represent a 
positive development for health care in general, it also raises 
important issues regarding the formulation, manufacturing 
and quality control of herbal medicines and dietary supple 
ments. While rigorous clinical trials (multiarmed, placebo 
controlled, dose escalation, double blind, etc.) are standard 
for assessing both safety and efficacy, the FDA guidelines 
for botanical quality control is still being developed. Cur 



US 2005/0065732 A1 

rently, a combination of chemical marker compounds, 
chemical ?ngerprint analysis and bioassay are required 
along With veri?cation that the product is free of heavy 
metals, toxins, pesticides, herbicides, fungicides or other 
man-made pharmacologically active agents. The multitude 
of relevant biological responses induced by the multiple 
chemical species in herbs We believe Will become increas 
ingly important to support marketing approval by the FDA. 
Multiple biological response methods can noW be employed 
to monitor the biological activity of a multicomponent or a 
single molecular entity. These methods include panels of 
expressed genes, expressed proteins, cytokines, transcrip 
tion factors, cellular receptors and small molecule metabo 
lomics. It is the balance of the levels of these different 
entities rather than the amount of any single entity that is 
believed to be critical to the overall biological viability of 
the cell or organism. This concept is at the heart of systems 
or integrative biology and is ?nding increased use in the 
study of complex biological problems. 

[0010] With an increased appreciation in Western coun 
tries for their unique pharmaceutical value, there has been a 
rising interest in methods to better standardiZe and charac 
teriZe botanicals. Herbal-based industries are coming under 
increasing pressure to upgrade their current practices (see, 
e.g., Angell et al., supra). The need to apply scienti?c testing 
to the preparation and administration of herbal medicines 
and food supplements has been highlighted by several recent 
reports of toxicity resulting from ingesting herb-based for 
mulations. For example, one patient Who took an herbal 
based dietary supplement experienced digitalis toxicity 
(Slifman et al., 1998, N. Engl. J. Med. 339:806-811). It Was 
subsequently determined that the herb ingredient labeled as 
plantain in the supplement Was actually contaminated With 
Digitalis lanata, an herb knoWn to contain at least 60 cardiac 
glycosides. In another instance, an herbal preparation Was 
found to be the cause of chronic lead intoxication in a patient 
(Beigel et al., 1998, N. Engl. J. Med. 339:827-830). This is 
not a completely unexpected occurrence since contamina 
tion of traditional Asian herbal remedies by lead and other 
heavy metals is Well documented (Woolf et al., 1994, Ann. 
Intern. Med. 121:729-735). 

[0011] Characterization of Botanicals. It is Well knoWn 
that the genetic identity (e.g., genera, species, cultivar, 
variety, clone), age of herbal groWth, harvest time, the 
speci?c plant part utiliZed, processing method, geographical 
origin, soil type, Weather patterns, type and rate of fertilizer, 
and other groWth factors have a great impact on the par 
ticular chemical composition of any particular herb “har 
vested” from any particular area. 

[0012] Increasing numbers of various types of tests have 
been instituted to assure the consistent quality of herbs used 
in medicine and as dietary supplements, including inspec 
tions at the macro- and microscopic levels as Well as a 
variety of chemical analyses. Currently used practices focus 
on individual endogenous marker substances that are moni 
tored by chromatographic separation and detection by either 
UV/VIS or more recently, by mass spectrometry. In some 
cases multiple markers per botanical are used (e.g., 10-12 for 
ginseng). HoWever, usually only one or tWo marker com 
pounds per botanical are utiliZed. In either case, out of the 
potentially hundreds of phytochemicals in the botanical 
extract mixture, only a fraction of the available information 
is utiliZed. This problem is compounded because it is not 
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generally knoWn if the marker compound(s) is even respon 
sible for the biological action. In the case of the popular 
botanical taken for mild depression, St. Johns Wort, for 
example, the original marker compound used traditionally 
for purity and biological potency (hypericin) does not in-fact 
correlate With biological effects. It is noW believed that a 
separate molecule (hyperforin) is the bioactive marker 
(Chatterjeee, SS. Battacharya, S. K., Wonnemann, M., 
Singer, A., Muller, W. Z., ScWabe, W. (1998) LifeSci; 63(6), 
499-510). 
[0013] Several different methods are currently used for 
pro?ling. High performance liquid chromatography (HPLC) 
pro?le using UV/VIS detection of marker molecules in an 
herbal extract has become one reference standard. Typically, 
only a single Wavelength that maximiZes the absorption of 
the marker compounds of choice is chosen. More advanced 
methods that monitor simultaneously multiple Wavelengths 
using a diode array detector is becoming more standard. 
HoWever, there are problems With this approach. Some of 
these problems include: (1) some of the bioactive molecules 
may not absorb UV or visible light; (2) UV/VIS detection 
often cannot distinguish separate different molecular species 
that may have the same retention time; (3) absorption 
properties of the various molecular species may not be 
proportional to the mass of the material that is present; (4) 
the amount of a chemical is not necessarily proportional to 
its biological potency; and (5) there may be synergy betWeen 
individual chemical species that is responsible for the com 
plex biological activity. 

[0014] Evaporative light scattering is a second type of 
detector system that is able to monitor molecules based on 
light scattering of a nebuliZed stream of analyte molecules. 
Complimentary in many Ways to UV/V IS, it detects a Wide 
variety of small molecule volatile analytes that can be 
nebuliZed into the gas phase and detected by light scattering 
of a polychromatic light beam. Advantages include: (1) 
removal of background solvent that may interfere With 
detection; and (2) similar detector response for a Wide range 
of molecular species, ie an improved detector of the mass 
quantity independent of chemical property. One of the 
disadvantages is that it can only detect molecules less 
volatile than the solvent in Which it is dissolved. 

[0015] Mass spectrometry (MS) is an analytical method 
for determining the accurate masses and relative abundances 
of components of a beam of ioniZed molecules or molecular 
fragments produced from a sample placed in a high vacuum. 
Electrospray or atmospheric pressure ioniZation (API) MS, 
alloWs one to conveniently Work in the liquid phase and 
interface the MS detector With HPLC systems. MS, unlike 
UV/V IS, is not dependent on the optical density. In practice, 
MS is used in conjunction With HPLC or capillary electro 
phoresis (CE): the HPLC separates the chemicals by physi 
cochemical properties and the MS then can be used to detect 
and aid in the speci?c molecular identi?cation. Commercial 
systems are noW available Which integrate MS and HPLC 
including UV/V IS and evaporative light scattering detector 
(ELSD). Mass spectrometry is limited to samples that are 
gaseous or volatile at loW pressure, or that can be so 
rendered by derivatiZation. 

[0016] As can be seen from the discussion above, the 
selection of only one or tWo marker components is not 
adequate to assure standardiZation and component compo 
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sition of pharmaceutically active botanical extracts. Recent 
publications report a greater variation in the quality of herbs 
by speci?c suppliers, and the difficulty of providing biologi 
cal equivalence of herbal extracts. Furthermore, the corre 
lation betWeen safety and ef?cacy and chemicals in an herb 
is not Well de?ned in most cases. Recently, in response to 
complaints from consumer groups and regulatory agencies 
(Federal Register, February 6, 1997, Volume 62, No. 25, 
Docket No. 96M-0417, cGMP in Manufacturing, Packing or 
Holding Dietary Supplements, Proposed Rules), some 
herbal manufacturers have begun to implement Good Manu 
facturing Practice (GMP) Which requires stringent controls 
at all levels. 

[0017] Chemical and spectroscopic methods have been 
used to characteriZe the components of herbal medicines and 
food supplements. For example, three neW hederagenin 
based acetylated saponins Were isolated from the fruits of 
Gliricidia sepium using these tWo methods (Kojima et al., 
1998, Phytochemistry 48(5):885-888). The botanical 
sources of Chinese herbal drugs in a number of commercial 
samples Were inferred by comparing the contents of some 
characteristic constituents Which Were analyZed With high 
performance chromatography (HPLC) or capillary electro 
phoresis (CE) (Shuenn-Jyi Sheu, 1997, Journal 0fF00d and 
Drug Analysis 5(4):285-294). For example, the ratio of 
ephedrine/pseudoephedrine Was used as a marker to differ 
entiate Ephedra intermedia from other species; total alkaloid 
contents Were used to distinguish betWeen species of Phel 
l0dendr0n; and the contents of ginsenosides Were used to 
differentiate betWeen species of Panax. HoWever, these 
methods do not provide a direct measurement of the effect 
of the various herbs on the molecular, physiological or 
morphological responses folloWing human treatment With 
the herbs. 

[0018] Using gas chromatography-mass spectrometry and 
atomic-absorption methods, the California Department of 
Health Sciences, Food and Drug Branch, recently tested 
Asian medicines obtained from herbal stores for contami 
nants (R. J. Ko, 1998, N. Engl. J. Med. 3391847). Of the 260 
products they tested, at least 83 (32 percent) contained 
undeclared pharmaceuticals or heavy metals, and 23 had 
more than one adulterant. Using high-performance liquid 
chromatography, gas chromatography, and mass spectrom 
etry, a commercially available combination of eight herbs 
(PC-SPES), Was found to contain estrogenic organic com 
pounds (DiPaola et al., 1998, N. Engl. J. Med. 339:785-791). 
The researchers concluded that PC-SPES has potent estro 
genic activity and that prostate cancer patients that took 
PC-SPES could confound the results of standard therapies 
and may experience clinically signi?cant adverse effects. 
Recently, PC-SPES Was recalled from the market by the 
FDA due to quality control issues and the ?nding that 
Warfarin, a potent prescription only anti-coagulant, Was 
found in many of the batches (WWW.fda.gov./medWatch/ 
SAFETY/safety02.htm#SPES (Sep. 20, 2002 update). Gas 
chromatography data Was also collected for different 
samples of the traditional Chinese medicine ‘Wei ling xian’ 
and correlated to the antiin?ammatory activity of the 
samples (Wei et al., Study of chemical pattern recognition as 
applied to quality assessment of the traditional Chinese 
medicine “Wei ling xian,”Ya0 Hsuch Pa0 26(10): 772-772 
(1991)). HoWever, this study did not generate a matrix 
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?ngerprint from the data that Would alloW one to standardiZe 
and compare the sample to other samples of the same or a 
similar herbal composition. 

[0019] Changes in protein levels have also been used to 
characteriZe the effects of herbal compositions or speci?c 
components of herbs. For example, the production of granu 
locyte colony-stimulating factor (G-CSF) from peripheral 
blood mononuclear cells Was found to vary depending on 
Which speci?c Chinese herb Was added to the culture 
(Yamashiki et al., 1992, J. Clin. Lab. Immunol. 37(2):83-90). 
Expression of interleukin-1 alpha receptors Was markedly up 
regulated in cultured human epidermal keratinocytes treated 
With Sho-saiko-to, the most commonly used herbal medicine 
in Japan (Matsumoto et al., 1997, Jpn. J. Pharmacol. 
73(4):333-336). The expression of Fc gamma 11/111 recep 
tors and complement receptor 3 of macrophages Were 
increased by treatment With Toki-shakuyakusan (TSS) (J. C. 
Cyong, 1997, Nippon Yakarigaku Zasshi 110(Suppl. 1):87 
92). Tetrandrine, an alkaloid isolated from a natural Chinese 
herbal medicine, inhibited signal-induced NF-kappa B acti 
vation in rat alveolar macrophages (Chen et al., 1997, 
Biochem. Biophys. Res. Commun. 231(1):99-102). The 
herbs Sairei-to, alismatis rhiZoma (Japanese name 
“Takusha”) and hoelen (Japanese name “Bukuryou”) inhib 
ited the synthesis and expression of endothelin-1 in rats With 
anti-glomerular basement membrane nephritis (Hattori et 
al., 1997, Nippon Jinzo Gakkai Shi 39(2):121-128). 

[0020] The increase or decrease in mRNA levels has also 
been used as an indicator of the effect of various herbs and 
herbal components. Intraperitoneal injection of Qingyang 
shen (QYS), a traditional Chinese medicine With antiepilep 
tic properties, and diphenylhydantoin sodium reduced alpha 
and beta-tublin mRNAs and hippocampal c-fos mRNA 
induction during kainic acid-induced chronic seiZures in rats 
(Guo et al., 1993, J. Tradit. Chin. Med. 13(4):281-286; Guo 
et al., 1995, J. Tradit. Chin. Med. 15(4):292-296; Guo et al., 
1996, J. Tradit. Chin. Med. 16(1):48-51). Treatment of 
cultured human umbilical vein endothelial cells (HUVECs) 
With the saponin astragaloside IV, a component puri?ed 
from Astragalus membranaceus, decreased plasminogen 
activator inhibitor type I (PAI-1) speci?c mRNA expression 
and increased tissue-type plasminogen activator (t-PA) spe 
ci?c mRNA (Zhang et al., 1997, J. Vasc. Res. 34(4):273 
280). One component isolated from the root of Panax 
ginseng Was found to be a potent inducer of interleukin-8 
(IL-8) production by human monocytes and by the human 
monocytic cell line THP-1, With this induction being accom 
panied by increased IL-8 mRNA expression (Sonoda et al., 
1998, Immunopharmacology 38:287-294). 
[0021] Recent advances in nucleic acid microarray tech 
nology enable massive parallel mining of information on 
gene expression. This process has been used to study cell 
cycles, biochemical pathWays, genome-Wide expression in 
yeast, cell groWth, cellular differentiation, cellular responses 
to a single chemical compound, and genetic diseases, includ 
ing the onset and progression of the diseases (M. Schena et 
al., 1998, TIBTECH 16:301). Because cells respond to the 
micro-environment changes by changing the expression 
level of speci?c genes, the identities of genes expressed in 
a cell determine What the cell is derived of and What 
biochemical and regulatory systems are involved, among 
other things (BroWn et al. 1999, Nature geneL, 21 (1) 
supplement:33). Thus, cellular gene expression pro?les por 
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tray the origin, the present differentiation of the cell, and the 
cellular responses to external stimulants. No researchers to 
date, if any, have attempted to apply these neW technologies 
to study the molecular effects of Whole herbal treatments and 
supplements. 

[0022] Some researchers have attempted to characteriZe 
the effects of the major active constituents isolated from 
selected herbs. For example, treatment of HUVECs With 
notoginsenoside R1 (NR1), puri?ed from Panax notogin 
seng, resulted in a dose- and time-dependent increase in TPA 
synthesis (Zhang et al., 1994, Arteriosclerosis and T hromo 
bosis 14(7):1040-1046). Treatment With NR1 did not change 
urokinase-type plasminogen activator and PAI-1 antigen 
synthesis, nor did it effect the deposition of PAH in the 
extracellular matrix. TPA mRNA increased as much as 
tWofold When HUVECs Were treated With NR1, Whereas 
expression of PAI-1-speci?c mRNA Was not signi?cantly 
affected by NR1. Since most studies on R notoginseng have 
involved its mixture With other herbs, the researchers noted 
that it Was dif?cult to assess hoW their results relate to the 
situation in vivo When is used therapeutically in humans (Id ., 
at 1045, second column, ?rst paragraph). In addition, since 
the researchers only studied one major component of the 
herb, it is not possible to ascertain the molecular effect of the 
Whole herb or the interactions among components of the 
herb from this study. 

[0023] Dobashi et al. (1995, Neuroscience Letters 
197:235-238) studied the effect of tWo of the main compo 
nents of saiko agents, a Chinese herbal drug used to treat 
nephrotic syndrome, bronchial asthma and chronic rheuma 
toid arthritis. Administration of SS-d increased plasma 
adrenocorticotropin (ACTH) levels, proopiomelanocortin 
mRNA levels in the anterior pituitary and the CRF mRNA 
level in the rat hypothalamus in a dose dependent manner. In 
contrast, treatment With SS-a failed to affect the levels of 
these molecular markers. While this study indicates that 
administration of SS-d may have an important role in saiko 
agents-induced CRF release and CRF gene expression in rat 
hypothalamus, it fails to address the molecular effect of the 
herbal medication as a Whole. 

[0024] Kojima et al. (1998, Biol. Pharm. Bull. 4:426-428) 
describe the utiliZation of differential display of mRNA to 
isolate and identify genes transcriptionally regulated in 
mouse liver by sho-saiko-to, an herbal medicine used for 
treating various in?ammatory diseases in Japan. These 
researchers limited their study to the use of mRNA differ 
ential display techniques in investigating the molecular 
mechanisms of herbal medicine. It also failed to address 
effects in multiple organs of treated animals and did not 
provide any guidance for quality control, neW use, and 
standardiZation of effects. 

[0025] Ma Ji et al. (1998, Chinese Medical Journal 
111(1):17-23) investigated the therapeutic effect of the herb 
Astragali membranaceas on sodium and Water retention in 
rats experiencing aortocaval ?stula-caused experimental 
congestive heart failure. Chronic heart failure rats With and 
Without Astraglia treatment Were compared for changes in 
various morphological characteristics (e.g., body Weight, 
serum sodium concentration); physiological characteristics 
(e.g., mean arterial pressure, heart rate, hematocrit and 
plasma osmolality); mRNA expression levels (e.g., hypo 
thalamic arginine vasopressin (AVP), AVP V1 a receptor, 
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renal AVP V2 receptor, aquaporin-2 (AXP2)) and protein 
excretion (e.g., plasma atrial monophosphate peptide (AN P) 
and urinary cyclic guanidino monophosphate (cGMP)). The 
researchers found that treatment With Astraglia improved 
cardiac and renal functions, partially corrected abnormal 
mRNA expressions of the AVP system and AQP2, and 
improved the renal reaction to ANP. This study did not 
address using the collected data to guide the development of 
neW formulations or for elucidating the synergistic or other 
interactions among various herbs in a formula, or validate 
the differential poWer of the effects for quality control 
purposes. 

[0026] Mathematical and Statistical Evaluation of Botani 
cal Extracts. The concept of determining a numerical mea 
sure of similarity betWeen tWo objects composed of a 
common set of parameters is frequently used over a diverse 
set of disciplines, such as Psychology, Biogeography, Chem 
istry and information theory. A Wide variety of similarity 
measures exist that vary in utility and complexity. The most 
straightforWard measure of similarity is the Euclidean dis 
tance betWeen tWo vectors With a Euclidean metric. For a 
revieW of similarity measures in the context of chemical 
substructures see Willett et al., “Chemical Similarity Search 
ing,”J. Chem. Info. Compat. Sci., Vol. 38, pp. 983-996 
(1998). 
[0027] Numerical indicators have been developed in vari 
ous industries, particularly in the food science industry, to 
determine a quantitative measure of sample quality, typi 
cally referred to as a “quality index.” The quality index can 
be derived as a function of tens to hundreds of biological and 
physiochemical parameters. For example, Wines are charac 
teriZed by an aromatic index derived from gas chromatog 
raphy mass spectral peak concentrations of marker com 
pounds for Wines of different vintages (Falque et al., 
“Differentiation of White Wines by their aromatic index, 
”Talanta, Vol. 54, pages 271-281 (2001)) and by clustering 
Wines for a variety of physiochemical parameters (Nogucira 
et al., “Analytical CharacteriZation of Madeira Wine,” J. 
Agric. Food Chem.). Recently, a quality index composed of 
a linear combination of sample pH and concentrations of 
marker compounds has been derived to measure the fresh 
ness of cold-smoked salmon (Jorgensen et al., “Multiple 
Compound Quality Index for Cold-Smoked Salmon (Salmo 
Salar) Developed by Multivariate Regression of Biogenic 
Amines and PIP,”J. Agric. Food. Chem., Vol. 48, pp. 2448 
2452 (2000)) and a quality index for Sardine freshness Was 
based on nucleotide degradation in the sample (VaZqueZ 
OrtiZ et al., “Application of the Freshness Quality Index (K 
Value for Fresh Fish to Canned Sardines from NorthWestern 
Mexico,”J. Food Comp. Anal., Vol. 10, pp. 158-165 (1997)). 
The deterioration of apple juice quality Was quanti?ed With 
an index derived from ?uorescent light emission and the 
absorbance levels of chemicals associated With apple broWn 
ing (Cohen et al., “A Rapid Method To Monitor Quality of 
Apple Juice During Thermal Processing,”Lebnsm-I/Viss. 
U.-Technol., Vol. 31, pp. 612-616 (1998)). Instant coffee Was 
analyZed by proton NMR and categoriZed by principal 
components analysis and linear discriminant analysis to 
categoriZe the samples by manufacturer and coffee type 
(Charlton, A J et. al., “Application (1)h NMR and multi 
variate statistics for screening complex mixtures: quality 
control and authenticity of instant coffee”, J. Agric. Food 
Chem., 50(11), pp3098-3103 (2002)). A more statistical 
version of the quality index, based on the Tanimoto coef? 
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cient, was formulated to measure the differences between 
species of Eucalyptus from gas chromatograms (Dunlop et 
al., “Chemometric analysis of gas chromatographic data of 
oils from Eucalyptus species,”Chemometrics and Intelligent 
Laboratory Systems, Vol. 30, pp. 59-67 (1995)). Quality 
indices for testing air and water contamination have been 
standardized by the environmental protection agency (EPA) 
(Of?ce Of Water, US. Environmental Protection Agency, 
“Total Maximum Daily Load Program: National Overview,” 
Mar. 16, 2000; http://www.epa.gov/OWOW/TMDL/sta 
tus.html: US. Environmental Protection Agency, “Revised 
Requirements for Designation of Equivalent Methods for 
PM2_5 and Ambient Air Quality Surveillance for Particulate 
Matter; Final Rule,” Part IV, Jul. 18, 1997). 
[0028] In the food and plant sciences, most statistical 
measures of quality and sample variety are based on product 
classi?cation. The most common classi?cation algorithms, 
used over a wide variety of contexts, are neural networks 
(Garcia et al., “Sherry wine vinegars: phenolic composition 
during aging,”Food Research International, Vol. 32, pp. 
433-440 (1999); Moshou et. al., “A neural network based 
plant classi?er,”Computers and Electronics in Agriculture, 
Vol. 31, pp. 5-16 (2001); Martin et al., “Discrimination 
between arabica and robusta green coffee varieties according 
to their chemical composition,”Talanta, Vol. 46, pp. 1259 
1264 (1998); “Application of pattern recognition to the 
discrimination of roasted coffees,”Analytica Chimica Acta, 
Vol. 320, pp. 191-197 (1996); “Classi?cation of tea samples 
by their chemical composition using discriminate analysis,” 
Vol. 43, pp. 415-419 (1996)), and general multivariate 
statistics such as linear discrimination analysis (Moshou et. 
al., “A neural network based plant classi?er,” Computers 
and Electronics in Agriculture, Vol. 31, pp. 5-16 (2001)) and 
principal component analysis (PCA) (Goodner et al., 
“Orange, Mandarin, and Hybrid Classi?cation Using Mul 
tivariate Statistics Based on Carotenoid Pro?les,”J. Agric. 
Food Chem, Vol. 49, pp. 1146-1150 (2001)). In all cases, the 
quality index and classi?cation algorithms are based on the 
a priori selection of a set of individual marker compounds as 
descriptors and do not take into consideration the balance or 
ratio of compounds within the overall chemical pattern or 
comprehensive biological response. 
[0029] As shown by the above review of relevant scienti?c 
articles, powerful statistical and computational methods 
have not been used to test and standardiZe botanical extracts 
containing multiple components, such as herbal composi 
tions, nor have they been used in the improvement and 
development of therapeutics utiliZing biological extracts. 
The therapeutic value of botanicals is inherent in the multi 
component nature of the formulated extracts working syn 
ergistically on multiple biological pathways within the 
human body. Thus, a requirement for effective biological 
action is not only the individual phytochemical components, 
but also the balance of ratios of these different components. 
To understand how these mixtures work and to comprehen 
sively assess the nature of the phytochemical mixtures, it is 
critical to assess the entire pattern of chemical species and 
to utiliZe a variety of both high resolution chemical detectors 
as well as biological assays that serve effectively as biologi 
cal detectors. This invention embodies the concept of how to 
incorporate complete patterns of chemical and biological 
?ngerprints into a single complex matrix and transform this 
matrix into a small number of values for quantitative com 
parisons and assessments. 
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SUMMARY OF THE INVENTION 

[0030] The present invention provides computational 
methodologies necessary to guide the standardiZation of 
herbal compositions; to determine which speci?c compo 
nents of herbal compositions are responsible for particular 
biological activities; to predict the biological activities of 
herbal compositions; for the development of improved 
herbal therapeutics; for adjusting or modifying an herbal 
composition; for measuring the relatedness of different 
herbal compositions; for identifying speci?c molecules in 
the batch herbal composition which retain the desired bio 
logical activity; for determining which herbal components of 
a known herbal composition can be eliminated from the 
known herbal composition while maintaining or improving 
the desired biological activity of the known herbal compo 
sition; for identifying new uses and previously unknown 
biological activities for the batch herbal composition; and 
for using the predicted biological activity of the batch herbal 
composition to aid in the design of therapeutics which 
include herbal components and synthetic chemical drugs, 
including the design of therapeutics using the methods of 
combinatorial chemistry. 

[0031] The methodologies focus on utiliZing all available 
chemical data that can be collected from high resolution 
analytical methods including chromatography coupled with 
UV/VIS, MS, NMR, Raman, IR, etc., digitiZing the data, 
and converting the digital data into a matrix pattern that can 
be analyZed by different mathematical and/or statistical 
methods. This method can be extended to also incorporate 
digital data from biological detectors, including genomics, 
proteomics, enZyme/receptor arrays, cellular assays, animal 
assays, and clinical data. The biological data can then be 
used in two general ways. First, it can be combined directly 
with the chemical data to create a merged comprehensive 
matrix ?ngerprint. Secondly, the biological data can be used 
to ?lter the matrix ?ngerprint generated from the chemical 
data to de?ne a bio-relevant sub-set. Using this approach, all 
or a sub-set of data can be utiliZed, no a priori knowledge of 
marker compounds is required, and patterns and analysis are 
de?ned both by the chemical and bioresponse results, as well 
as the ratios of chemical and bioresponse results. The key to 
this approach is the utiliZation of full matrix patterns of 
multiple chemical and biological readouts. 

BRIEF DESCRIPTION OF THE FIGURES AND 
TABLES 

[0032] FIG. 1. A representative three-dimensional plot of 
LC-MS (i.e., liquid chromatography-mass spec) data illus 
trating the signature landscape pro?le of a botanical multi 
component extract. Retention time (in minutes) on a C18 
column is plotted along one dimension, high resolution mass 
(in atomic mass units) is plotted along a second dimension 
and the MS intensity (log (Ion Count)) is plotted in the third 
dimension. The two dimensional trace in the rear of the plot 
is the UV/V IS absorbtion pro?le. Note that a single UV/VIS 
peak may well include multiple unique masses associated 
with a different, unique molecule in the mixture. It is the 
peak heights and the ratio of the peak heights that de?ne the 
ruggedness of the landscape that can be digitiZed, indexed 
and encoded into the matrix for further analysis. 

[0033] FIG. 2. Illustration of the matrix format (M) with 
datapoint intensities (In) along the diagonal and individual 






























